Current international guidelines recommend the use of therapeutic strategies with proven efficacy in the management of hypertension to achieve a target blood pressure of o140/90 mmHg. After lifestyle intervention, they endorse three different management strategies: (i) first-line use of a low-dose combination of two agents from different antihypertensive classes, with the option of doubling the dose of the combination; (ii) use of a sequential monotherapy strategy, initiating with one antihypertensive to be replaced by another one from a different class, if necessary; and (iii) a stepped care strategy, initiating with one antihypertensive, and increasing the dose or adding another agent from a different class, if necessary. The objective of the STRAtegies of Treatment in Hypertension: Evaluation (STRATHE) study was to compare the efficacy and tolerability of these three treatment strategies in patients with uncomplicated essential hypertension (n ¼ 533). In all, 62% of the patients in the low-dose combination group were normalised (o140/90 mmHg), compared with 49% of the sequential monotherapy group (P ¼ 0.01) and 47% of the stepped-care group (P ¼ 0.005). The percentage of patients achieving normalisation without experiencing drug-related adverse events was also significantly higher in the low-dose combination group (56%) than in the sequential monotherapy (42%, P ¼ 0.001) and stepped-care groups (42%, P ¼ 0.004), consistent with the observation that the reduced dosage of the antihypertensive agents in such preparations translates into improved acceptability. The results of STRATHE provide further support for an antihypertensive management strategy involving the low-dose combination of perindopril (2 mg) and indapamide (0.625 mg).
Introduction
Blood pressure control remains very poor worldwide, despite the medical evidence that treating hypertension can be beneficial for preventing end-organ damage and the current ease of access to health care, particularly in industrialised countries.
1-3 Indeed, more than 50% of treated hypertensive patients do not achieve the target blood pressure of o140/90 mmHg, as recommended by most current international guidelines. 1, 4 A good reason for this is that effective therapy of hypertension requires intensive -and lifelongtreatment. Other reasons include the heterogeneity of hypertension, poor patient compliance associated with the long-term treatment of an asymptomatic disease, and reluctance of physicians to titrate to higher doses of antihypertensive medication due to concerns about adverse events or negative metabolic consequences. 5, 6 Fortunately, this alarming situation has been addressed by the recent appearance of guidelines from three international medical bodies, the European Society of Hypertension (ESH)-European Society for Cardiology (ESC), 1 the US Joint National Committee on the Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC), 2 and the World Health Organization (WHO). 3 These guidelines emphasise the importance of using therapeutic strategies that have proven efficacy in the management of high blood pressure to achieve a target blood pressure of o140/90 mmHg. The ESH/ESC guidelines, for example, recommend starting with lifestyle modification and, if necessary, initiation of pharmacological treatment in one of two ways:
With monotherapy, using a low dose of a diuretic, a b-blocker, an angiotensin-converting enzyme (ACE) inhibitor, a calcium antagonist, or an angiotensin II receptor blocker (ARB). With a low-dose combination of two drugs from different antihypertensive classes.
If the monotherapy strategy does not lower blood pressure sufficiently, then the physician has the choice of switching to monotherapy with a drug from a different class (ie, sequential monotherapy), or increasing the dose of the first drug or using a two-or three-drug combination (ie, stepped care). If the first-line low-dose combination does not reduce blood pressure sufficiently, then the dose of the combination can be doubled or a third drug can be added, again at a low dose.
Rationale for use of low-dose combinations first-line
The guidelines also clearly state that, depending on the baseline diastolic blood pressure (DBP) and systolic blood pressure (SBP) and the presence or absence of complications, it is reasonable to initiate with either low-dose monotherapy or a low-dose combination.
1 A common finding is that most patients require some form of combination therapy to achieve the recommended blood pressure targets. For example, in the Antihypertensive and LipidLowering treatment to prevent Heart Attack Trial (ALLHAT) 7 over 33 000 hypertensive patients were randomised to receive a diuretic (chlorthalidone, 12.5-25 mg/day), a calcium antagonist (amlodipine 2.5-10 mg/day), or an ACE inhibitor (lisinopril 10-40 mg/day) for a mean follow-up of 4.6 years. The treating physicians had the option of adjusting the dosage or adding another drug from a different class in order to achieve a target blood pressure of o140/90 mmHg. The results were clear: 66% of patients had normalised blood pressure at completion of the trial, and 63% were receiving more than two drugs, and 27% more than three.
These observations are confirmed by the results of the Losartan Intervention for Endpoint reduction in hypertension (LIFE) trial 8 in over 9000 hypertensive patients, who were randomised to either an ARB (losartan 50-100 mg/day) or a b-blocker (atenolol 50-100 mg/day). To achieve the target blood pressure of o140/90 mmHg, a diuretic (hydrochlorothiazide (HCTZ) 12.5-25 mg/day) or any other antihypertensive drug class (excluding ARB, bblocker, or ACE inhibitor) could be added. At the end of this 4.9-year study, 49% of patients in the losartan group had achieved the target blood pressure levels, compared with 46% in the b-blocker group. Interestingly, less than 10% of the patients were still on monotherapy with the initiating drugs.
A third example of a study that led to similar conclusions regarding the necessity of combination therapy to achieve normotension was the International Verapamil-Trandolapril Study (INVEST), 9 which included more than 22 500 hypertensive patients. The patients were initiated on a calcium antagonist (a modified-release formulation of verapamil, 240-360 mg/day) or b-blocker (atenolol 50-100 mg/day). The patients then followed a predefined treatment strategy involving sequential addition of an ACE inhibitor (trandolapril 2-4 mg/day), a diuretic (HCTZ, 25 mg/day), and a nonstudy medication. The order of introduction of the second-line treatments varied between the two groups. At the end of the 2-year study, 72% of the calcium antagonist group had achieved the target blood pressure of o140/90 mmHg compared with 71% of the patients in the b-blocker group. Notably, only 17 and 18% of patients in the two groups, respectively, were still on monotherapy.
There are, of course, advantages and disadvantages of initiating with low-dose combination therapy vs initiating with monotherapy.
1 The advantage of initiating with low-dose monotherapy is that, if the initial compound is not well tolerated, then the doctor will be able to modify treatment and find the best drug for the individual patient (in terms of both efficacy and acceptability). However, this procedure can be laborious and demotivating, for doctors and patients alike, and may have consequences on compliance.
One advantage of the low-dose combination strategy is that, by starting with two drugs with differing mechanisms of action, we dramatically increase the likelihood that the target blood pressure will be achieved. Second, the lower doses of the individual agents reduce the occurrence of the individual side effects of the separate agents. Both of these effects improve compliance, as does the opportunity of taking the two drugs in a single tablet, which is possible in many countries. One objection to low-dose combinations is the unnecessary exposure of patients to drugs, but we should bear in mind that this might apply to most patients in monotherapy in the long term, since they are highly likely to require a second antihypertensive treatment at some point.
The STRATHE study
Thus, the evidence is clear: to achieve the targets recommended by the international guidelines most patients require combination treatment -or at the very least a rigorous treatment strategy -to optimise both blood pressure and acceptability. The guidelines clearly set out three management strategies, as outlined above: stepped-care; sequential monotherapy; or low-dose combination. However, which is the most appropriate? It was with this question in mind that the first trial to compare three therapeutic strategies recommended by the international guidelines -the STRAtegies of Treatment in Hypertension: Evaluation (STRATHE) study -was designed. 10 The objective of the STRATHE trial was to compare the efficacy and the tolerability of the three different treatment strategies in patients with uncomplicated essential hypertension presenting in First-line antihypertensive strategiesprivate practice. STRATHE is a randomised, doubleblind, parallel-group study in patients with a mean sitting SBPX160 mmHg and/or a mean sitting DBPX95 mmHg. At the end of a 4-week, singleblind placebo period, the patients (n ¼ 533) were randomised to one of three groups, corresponding to the three treatment strategies:
A fixed low-dose combination strategy (n ¼
The first primary end point was blood pressure normalisation (defined as o140/90 mmHg). In each of the three groups, treatment could be adjusted twice, at 3 and 6 months, with a final visit at 9 months, or at 6 months if blood pressure was already normalised. The decision to adjust treatment was entirely in the hands of the doctor. It was mandatory in the case of SBP4160 mmHg and/or DBP495 mmHg, and was recommended for SBP between 140 and 160 mmHg and/or DBP between 90 and 95 mmHg. However, regardless of the blood pressure achieved, the doctor could choose to maintain treatment at the previous level if there were concerns over upgrading for safety reasons. The second study end point was the percentage of patients having normalised their blood pressure without experiencing drug-related adverse events.
The baseline demographic characteristics are presented in Table 1 . 10 There were no significant differences between the three groups in terms of age, sex, body mass index, or baseline blood pressure. The proportion of patients with a personal or family history of hypertension was similar in the three groups.
At the final visit in the intention-to-treat population, the reduction in SBP in the low-dose combination strategy group (À26.6716.3 mmHg) was significantly greater than the reduction in SBP in the sequential monotherapy group (À22.67 18.2 mmHg; P ¼ 0.047) and in the stepped-care strategy group (À21.5715.9 mmHg; P ¼ 0.0088). 10 The reduction in DBP was comparable in the three groups (À13.679.3 mmHg, À12.579.8 mmHg, and À12.179.9 mmHg, respectively). Figure 1 shows the percentage of patients who had achieved the target blood pressure of o140/ 90 mmHg at their final visit. 10 In all, 62% of the patients in the low-dose combination group were normalised, which was significantly greater than the patients in the other two groups (49% of the sequential monotherapy group (P ¼ 0.01) and 47% of the stepped-care group (P ¼ 0.005)). Moreover, 59% of the patients randomised to the low-dose combination were still on the lowest dosage (perindopril 2 mg/indapamide 0.625 mg) at the last visit, compared with 55 and 50%, respectively, for the sequential and the stepped-care strategy.
The percentage of patients who normalised their blood pressure without experiencing drug-related adverse events was also significantly higher in the low-dose combination group (56%) than in the Stepped-care (n =177) First-line antihypertensive strategiessequential monotherapy (42%, P ¼ 0.001) and the stepped-care group (42%, P ¼ 0.004) (Figure 2 ).
10
There was no significant difference between the three strategies in terms of dropouts for adverse events or the number of patients completing the study.
Discussion
Among the three therapeutic strategies assessed in this randomised, double-blind study, the strategy of administering a low-dose combination of perindopril 2 mg and indapamide 0.625 mg has a significantly greater SBP-lowering effect than sequential monotherapy strategy, based on b-blocker, ARB, and calcium antagonist, and the stepped-care strategy, based on an ARB and a diuretic. We might wonder if the same result would have been found if larger doses of the agents had been used in the sequential monotherapy and stepped-care strategies, particularly for the steps involving losartan 50 mg and valsartan 40 mg, which are generally considered as low doses. These dosages were based on the standard recommended dosages in France in 1998 when the STRATHE study was designed. However, the study design did leave ample room for dosage adjustment if the blood pressure was not normalised. Moreover, the ESH/ESC guidelines emphasise the importance of using agents at the lowest dosages possible, and clearly state that it is preferable to combine low doses of two agents from different classes when monotherapy fails. 3 The STRATHE study is therefore truly representative of what doctors can expect in clinical practice if they strictly adhere to the latest ESH/ESC guidelines.
In practice, blood pressure control can be improved by addition of the antihypertensive effect of two agents from different classes with different mode of actions. All of the fixed combinations currently available share one important feature: they produce a greater normalisation of blood pressure than the individual drugs given separately. The combination used in STRATHE of the ACE inhibitor perindopril and the diuretic indapamide is particularly justified according to theoretical and experimental evidence. 11 The diuretic stimulates the activity of the renin-angiotensin-aldosterone system (which may induce hypokalaemia), while the ACE inhibitor blocks this system. This means that the antihypertensive effect of the diuretic is enhanced by the action of the ACE inhibitor, and that lower doses of the two drugs are required to normalise blood pressure. 12 Indeed, the initiating doses of perindopril (2 mg) and indapamide (0.625 mg) in STRATHE correspond to one-half and one-quarter of the standard starting doses, respectively, and -as we saw above -this dosage normalised 60% of the patients in that group.
The STRATHE study also underlines another advantage of the low-dose combination strategy, that is, the reduction in the incidence of adverse events.
The perindopril (2 mg)/indapamide (0.625 mg) preparation has been shown to have a tolerability profile (kalaemia, glycaemia, and cholesterolaemia) similar to that of placebo. 13 Together with the possibility of administering the low-dose combination as a single tablet, which simplifies the treatment, this improves quality of life and patient compliance.
Conclusion
The results of STRATHE provide further support for a management strategy involving a low-dose combination of perindopril (2 mg) and indapamide (0.625 mg) in patients with uncomplicated essential hypertension. Several large, randomised, doubleblind studies comparing this particular combination with first-line antihypertensive monotherapies, such as ARBs, b-blockers or ACE inhibitors have also confirmed the advantage of this low-dose combination, offering superior blood pressure control and higher normalisation rates in essential hypertension, [14] [15] [16] [17] in patients with diabetes 18 or left ventricular hypertrophy, 16 as well as in the elderly. 19, 20 STRATHE demonstrates that a low-dose combination strategy normalises blood pressure in significantly more hypertensive patients than a sequential monotherapy or a stepped-care strategy. The better blood pressure results with the low-dose combination strategy were obtained with remarkable tolerance. These advantages fulfil the recommendations of international guidelines [1] [2] [3] and confirm the rationale of initiating antihypertensive treatment with a low-dose combination. 
